A series of novel compounds (5-8) was designed and synthesized by integrating the active pharmacophore of the N-phenylpyrimidin-2-amine fungicide with the structure of strobilurin fungicide. The rationale of this approach was to determine if these new compounds exhibit unique biological activity (selectivity and potency) compared with the commercial standards. The title compounds were prepared from 2-(phenylamino)pyrimidin-4-ols (3) by treatment with one equivalent of intermediates (4) containing strobilurin pharmacophores. 2-(Phenylamino)pyrimidin-4-ols (3) were in turn prepared from phenylguanidines (1) and substituted β-ketoesters (2). Biological activities evaluated in the greenhouse indicated that compounds 5a, 6a and 7a have good fungicidal activity at 25 mg/L, comparable with that of the commercial standards, cyprodinil and azoxystrobin.
Pyrimidine derivatives are widely existent in nature, and exhibit various biological activities [1] [2] [3] [4] [5] , such as the control of fungal mediated plant disease. Substituted N-phenylpyrimidin-2-amine fungicides, such as cyprodinil, have been commercialized due to their novel mode of action, low toxicity and high efficiency to resistant pathogens [6] [7] [8] [9] [10] . Strobilurins are natural compounds isolated from several Basidomycetes species that inhabit decaying plant material in woodland soils. Strobilurin compounds, such as azoxystrobin, are representative of one of the most important classes of agricultural fungicides with a broad spectrum of activities and a novel mode of action [11] [12] [13] [14] [15] . To discover new strobilurin analogues with high biological activity, we synthesized several new compounds (Compounds 5-8) by introducing the N-phenylpyrimidin-2-amine moiety into the strobilurin substructure. We hoped that this approach could generate new compounds with interesting biological features due to the
synergistic effect from two different fungicidal pharmacophores with different modes of action.
Synthesis:
The preparation of target compounds 5-8 is illustrated in Scheme 1. According to known methods [16] , the key intermediates, 2-(phenylamino)pyrimidin-4-ols (3) were prepared in 88-95% yields by the reaction of phenyl-guanidine (1) with substituted β-ketoesters 2 in refluxing toluene for 8-12 h. Subsequently, intermediates 3 were treated with 1 equiv. of intermediates 4 in DMF at 80°C for 6-8 h to yield the desired compounds 5-8 in 80-85% yields. The synthesized compounds are listed in Table 1 ; their structures were fully confirmed by IR and 1 H NMR spectroscopic data and elemental analysis.
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Biological activities:
The fungicidal activities of compounds 5-8 against rice blast (RB), cucumber grey mold (CGM), tomato late blight (TLB), cucumber downy mildew (CDM), wheat powdery mildew (WPM), and cucumber anthracnose (CA) were tested according to the procedure described previously [17, 18] . The fungicidal data listed in Tables 2 and 3 were reported as zero (indicates no control) to 100% (complete control). To compare the activities of the synthesized compounds, two commercial fungicides, cyprodinil and azoxystrobin were used as standards.
As shown in Table 2 , the title compounds have excellent fungicidal activity. As compared with the fungicide cyprodinil, compounds 5-7 exhibit comparable activity against RB at 25 mg/L, compounds 5 and 7a show similar activity against WPM at 400 mg/L, compounds 5-7 exhibit better activity against TLB at 25 mg/L, compounds 5-7, except 5b and 5c, have better activity against CDM at 400 mg/L, and compounds 5-7, except 5b and 6c, have better activity against CA at 400 mg/L.
As shown in Table 3 , the fungicide azoxystrobin and some of the synthesized compounds display very good fungicidal activity against CDM and CA. Compounds 5a, 6a and 7a show 100% control against CDM and CA at 25 mg/L, which is comparable with azoxystrobin. Compound 5a had complete control against RB at 0.92 mg/L, superior to azoxystrobin.
The test results indicated that the compounds with Q=Qa have better activity than the others. At the same time, n-Bu in position R 2 has a negative effect on fungicidal activity.
Conclusion:
A series of novel strobilurin analogues containing substituted N-phenylpyrimidin-2-amines has been synthesized. Biological evaluation showed that some of the compounds have very good fungicidal activity. Further studies on fungicidal activity and the structure-activity relationship are underway and will be reported in due course.
Experimental
Melting points were determined on a Büchi melting point apparatus and are uncorrected.
1 H NMR spectra "/" no data were recorded with a Mercury 300 (Varian, 300 MHz) spectrometer with CDCl 3 as the solvent and TMS as the internal standard. Infrared spectra were measured on KBr disks using a PF-983G instrument (PerkinElmer). Combustion analyses for elemental composition were made with an EA 1106 analyzer (Fisons). Conventional heating was carried out in oil baths using Corning stirrer/hotplates. All chemicals or reagents were purchased from standard commercial suppliers.
General experimental procedures:
The preparation of compound 5a, as an example, is described below:
A mixture of 6-methyl-2-(phenylamino)pyrimidin-4-ol (3) (0.50 g, 2.5 mmol), (E)-methyl 2-(2-(chloromethyl) phenyl)-3-methoxyacrylate (4a) (0.6 g, 2.5 mmol, available at Shenyang Research Institute of Chemical Industry) and K 2 CO 3 (0.41 g, 3.0 mmol) in DMF (15 mL) was stirred and heated at 80ºC for 8 h, followed by cooling and dilution with water (100 mL). The solution was extracted with ethyl acetate (3 × 25 mL), the organic layer was separated, washed with saturated brine, dried (Na 2 SO 4 ), filtered and the filtrate was evaporated to dryness.
The crude product was purified by column chromatography on silica gel (n-hexane/ethyl acetate 5:1 v/v) affording 0.84 g of 5a. 
